Measurement of blood dioxin levels to monitor human exposure is tedious and expensive work, although high-resolution mass spectrometers equipped with high-resolution gas chromatography are becoming relatively common in Japan. The Ministry of Health and Welfare and the Environmental Agency require measurement of 17 dioxins, seven PCDDs and 10 PCDFs, according to a statement in "Dioxin Measurement Guidelines" published in 1997. Additionally, three coplanar polychlorinated biphenyls, for which TEFs were determined, have been included for measurement ad libitum. Recently, we have examined 316 blood samples from four groups of subjects, living in areas 5 km away from any incinerator (A), within 2 km from incinerators that emitted slightly higher levels of dioxins than the allowed level (higher than 80 ng/Nm 3 ) (B), within 2 km of an incinerator which emitted a high level of dioxin (C), and workers at this incinerator (D), for dioxin levels by measuring 20 congeners, including three coplanar PCBs. The average pg TEQ/g lipid values were 23.8 12.3, 25.6 11.6, 39.1 18.8 and 100.7 127.4 for A, B, C and D, respectively. It was found that more than 90% of the total TEQs of the subjects in all groups were accounted for by eight congeners, 2,3,7, 1,2,3,7, 1,2,3,6,7, 2,3,4,7, 3,3',4,4', 1,2,3,4,7, 1,2,3,6,7,3,4,6,7,. This is also the case for a further 30 blood samples that had no connection with incinerators. Further, regression analysis of the 346 samples leads to an equation of y = 1.109x -1.077, with a correlation coefficient, r = 0.9996. Here, y = total pg TEQ of 20 congeners/g lipid of blood, and x = total pg TEQs of eight congeners/g lipid. Accordingly, we propose that measurement of eight instead of 20 congeners is appropriate to obtain dioxin TEQ values of blood, at low cost, with high accuracy and with high efficiency, in a short time.
INTRODUCTION
Historically, levels of all of the dioxins were measured if it was technically possible, even if they were not so toxic as to be given toxic equivalency factors (TEFs). For the measurement of dioxins, the Ministry of Health and Welfare of Japan has required clarification of levels of 17 congeners, including 7 polychlorinated dibenzo-p-dioxins (PCDDs) and 10 polychlorinated dibenzofurans (PCDFs), in a guideline published in 1997. Furthermore, 12 coplanar polychlorinated biphenyls (PCBs) quite recently collected attention as hazardous dioxins (Van den Berg et al., 1998) , and the Environment Agency included them in a list of dioxins for measurement in the air.
We previously reported on the levels of 20 dioxins in the blood, including three non-ortho coplanar PCBs in 91 workers, 87 males and 4 females, at an incinerator in Osaka prefecture, where a high level of dioxin emission had been detected by an inspection conducted by the Ministry of Health and Welfare, Japan, in 1997. We have also examined dioxin levels in the blood of 50 residents in the area near the incinerator (within 2 km from the incinerator) (Kitamura et al., 2001) , 95 residents in the four areas where four incinerators emitted slightly higher levels of dioxins than the allowed level (80 ng/Nm 3 ) , and 80 residents in the four areas where there was no incinerator within 5 km . We further analyzed 30 more blood samples that had no connection with incinerators (Kitamura et al., 2001a (Kitamura et al., , 2001b . In total, we analyzed levels of 20 dioxin congeners in 346 blood samples.
We found that eight of 20 congeners account for more than 90% of total TEQ on average. Since blood levels of dioxins are very low, about 50 grams of blood are necessary to analyze 20 congeners of dioxin, and it also takes a lot of time to analyze by GC/MS, and it costs a lot. One of the ways to reduce time and cost for analysis without reduction in accuracy is to reduce the number of congeners for analysis. In this study, we justify a reduction from 20 to 8 as the number of congeners to be analyzed.
MATERIALS AND METHODS
The data of blood dioxin levels used in this study were all reported previously.
Group A: 80 residents, 44 males and 36 females, in four areas more than 5 km away from any incinerator, and their blood dioxin levels were reported previously (residents in area B of the previous report by Watanabe et al., 2000) . The average age was 40 4.9. Group B: 95 residents, 53 males and 42 females, in the four areas where there were incinerators within 2 km that emitted slightly higher levels of dioxins than the allowed level of 80 ng/Nm 3 , and their blood dioxin levels were reported previously (residents in area A of the previous report by Watanabe et al., 2000) . The average age was 42 5.5. Group C: 50 residents, 23 males and 27 females, in the area less than 2 km apart from the incinerator that emitted very high levels of dioxins. Their blood dioxin levels were reported previously (Kitamura et al., 2001a) . The average age was 37 10.8. Group D: 91 workers, 87 males and 4 females, at the incinerator that was described for Group C. The ages were in the range of 16 72, with an average of 47 14.7. We previously reported their blood dioxin levels .
The other 30 samples: We previously reported blood dioxin levels of 27 autopsy samples, 15 males and 12 females, obtained at the autopsy with the permission of the bereaved family, with an average age of 65 17 (Kitamura et al., 1999 (Kitamura et al., , 2001b , and of three healthy volunteers of Tokyo University of Agriculture, with an average age of 27, and their blood dioxin levels were reported previously (Kitamura et al., 2001a) .
Analysis of dioxins
Fifty g of blood obtained from each subject was transferred to a 250 ml-Teflon centrifuge-tube, and 19 13 C12-isomers were added to each tube as follows: 30 pg of 13 C12-tetrachlorodibenzo-p-dioxin/-furan heptachlorodibenzo-p-dioxin/-furan, 60 pg of 13 C12-octachlorodibenzo-p-dioxin (OCDD), 100 pg of 13 C12-tetrachlorobiphenyl hexachlorobiphenyl. The sample was then subjected to dioxin extraction, according to the method of Miyata et al., 1989 . A lipid fraction obtained was subjected to the clean-up process using a multilayer silica column by the method of EPA (1994) and the Ministry of Health and Welfare, Japan (1997), and then levels of dioxins were analyzed by GC/MS. Gas chromatography was performed with an HP 6890 series unit (Hewlett-Packard, Palo Alto, California) equipped with a Finnigan MAT-95S column (Finnigan MAT GmbH, Bremen, Germany). Detailed conditions were as described (Kitamura et al., 2001a) . The congeners analyzed were the following seven PCDDs, ten PCDFs, and three coplanar PCBs: 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 1,2,3,7,8-pentachlorodibenzo-p-dioxin (1,2,3,7,8-PeCDD), 1, 2, 3, 4, 7, 1, 2, 3, 6, 7, 2, 3, 7, 8, 2, 3, 7, 8, 1 , 2 , 3 , 4 , 6 , 7 , 2, 3, 4, 6, 7, , OCDD, 2, 3, 7, 3, 7, 1, 2, 3, 7, 3, 4, 7, 3, 4, 7, 1, 2, 3, 4, 7, 1, 2, 3, 6, 7, 2, 3, 7, 8, 3, 4, 6, 7, 3, 4, 6, 7, 1, 2, 3, 4, 6, 7, 2, 3, 4, 7, 8, 2, 3, 4, 7, 8, , octachlorodibenzofuran (OCDF), 3, 3', 4, 3', 4, 3, 3', 4, 4', 3', 4, 4', 3'4, 4', 5, 3'4, 4', 5, .
Toxicity
The toxic equivalent (TEQ) of dioxins was calculated using the WHO TEF values (Van den Berg et al., 1998) , and expressed as pg TEQ/g lipid.
Statistical analysis
SPSS version 10.0J (1999) was used for the statistical analyses. Table 1 summarizes the data of blood dioxin TEQ levels of Group A Group D. The total TEQ levels of Group A and B were almost the same, being 23.8 12.3 and 25.6 11.6 pg TEQ/g lipid, respectively , and both of them were lower than that reported by Matsueda et al. (1999) , as a background level for the Japanese (27.7 pg TEQ/ g lipid). Thus, we combined these values to be Group AB, 24.8 11.9 pg TEQ/g lipid, for further analysis. The total TEQ of Group C was 1.5 times higher than that of Group AB, being 39.1 18.8 pg TEQ/g lipid, and the value of Group D was 4 times higher than that of Group AB, being 100.7 127 pg TEQ/g lipid.
RESULTS
The TEQ values of the other 30, 27 autopsy samples and three healthy men, are also summarized in Table 1 . The total TEQ values were 43.1 24.2 and 17.8 3.8 pg TEQ/g lipid, respectively.
The TEQ values of 2, 3, 7, 1, 2, 3, 7, 1, 2, 3, 6, 7, 2, 3, 4, 7, 3', 4 ,4',5-PeCB were the highest among the 20 congeners in all six groups of samples. As shown in Fig.1 , these five major congeners accounted for more than 80% of the total TEQ of the blood in Group AB and Group C. However, these five major congeners accounted for less than 70% of the total TEQ of Group D. Group D samples, from workers at a highly contaminated incinerator, included high levels of PCDF congeners, and 1, 2, 3, 4, 7, 1, 2, 3, 6, 7, 3, 4, 6, 7, 8 -HxCDF accounted for substantial levels of TEQ (Table 1) . These three congeners, in addition to the major five, accounted for more than 90% of the total TEQ of Group D, as shown in Fig. 1 To confirm whether this situation is applicable in general, we also examined the tendency for the 94 blood samples reported by Matsueda et al. (1999) and 83 blood samples reported by Iida et al. (1997) of Yusho patients 27 years after the outbreak reported. The eight congeners accounted for more than 90% of total TEQ in these cases (Fig.1) .
Furthermore, we examined individual variations, using our data of 346 samples. As shown in Fig. 2 , linear regression analysis demonstrated a very high coefficient value of 0.9996, between the total TEQ of 20 congeners and the TEQ of the eight congeners. The regression equation was y = 1.109x -1.077, and r = 0.9996. Here, y means the sum of the 20 congeners TEQ of blood in pg/g lipid, x means the sum of the eight congeners TEQ of blood in pg/g lipid and r means correlation coefficient. However, regression analysis with the major five congeners revealed the equation of y = 1.742x -16.257, and r = 0.984. Thus, we concluded that measurement of eight congeners, 2, 3, 7, 1, 2, 3, 7, 1, 2, 3, 6, 7, 2, 3, 4, 7, 3, 3', 4, 4', 1, 2, 3, 4, 7, 1, 2, 3, 6, 7, 3, 4, 6, 7, 8 -HxCDF would very accurately represent total TEQ by application of the regression equation.
DISCUSSION
Since dioxin measurement is tedious work, especially for mass screening of huge numbers of human blood samples for monitoring environmental contamination, and is expensive, it is desirable to reduce the number of compounds for measurement. Thus, many trials have been carried out to solve these problems. One approach is to measure only one or two congeners such as 2, 3,4,7,8-PeCDF or 3,3',4,4',5-PeCB (Matsueda et al.,1999) , using a simple GC/MS spectrometer. However, our approach is a little different from this.
We report here that reduction of the number of congeners from 20 to 8 might incur no problems in the , 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HxCDD, 2,3,4,7,8-PeCDF and 3,3',4,4',5-PeCB; , 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF and 2,3,4,6,7,8-HxCDF; , others. *, Matsueda et al. (1998) . **, 27 years after the outbreak, Iida et al. (1997) .
accuracy of blood dioxin TEQ levels, based on our data of 346 blood samples, 94 blood samples of healthy men reported by Matsueda et al. (1999) and 83 blood samples of Yusho patients 27 years after the outbreak reported . The eight congeners, 2, 3, 7, 1, 2, 3, 7, 1, 2, 3, 6, 7, 2, 3, 4, 7, 3, 3'4, 4', 1, 2, 3, 4, 7, 1, 2, 3, 6, 7, 3, 4, 6, 7, do not include those that are intrinsically associated with difficulty in sample preparation or GC/MS analysis, except for 2, 3, 7, 2, 3, 7, . Total TEQ could be predicted by the TEQ value of eight congeners with application of the equation of y = 1.109x -1.077, with a correlation coefficient of 0.9996. Recently, Matsueda et al. (1999) reported that 2, 3, 7, 1, 2, 3, 7, 1, 2, 3, 6, 7, 2, 3, 4, 7, 3'4, 4', 5 -PeCB, which we call the five major congeners, accounted for about 80% of the total TEQ of 125 breast milk, 94 blood, 38 adipose tissue and 44 skin lipid samples. Based on these results, they further performed regression analysis of each compound and suggested that levels of 2,3,4,7,8-PeCDF or 3,3',4,4',5-PeCB could predict total TEQ. However, correlation coefficients were 0.9154 and 0.8951 for 2,3,4,7,8-PeCDF and 3,3'4,4',5-PeCB, respectively, in blood. Although the correlation coefficients were high, they were based only on a normal population, and it is expected that the estimated total TEQ values with only 2,3,4,7,8-PeCDF or 3,3'4,4',5-PeCB do not necessarily represent accurately the total TEQ of the 20 congeners in cases such as workers at the incinerator, as we observed.
We further examined whether and how much the eight congeners, the major five and three PCDF congeners, contribute to the total TEQ of the liver and bile, using the values we previously reported for 27 samples (Kitamura et al., 2001b) , and found that eight congeners also accounted for more than 90% of total TEQ in these cases. This is also applicable to the 125 breast milk and 38 adipose tissue samples reported by Matsueda et al. (1999) . Thus, it is suspected that measurement of eight compounds would be sufficient to obtain accurate information about dioxin exposure. This reduction in the number of congeners to be measured might result in reductions in the amount of human material, cost, time and labor for measurement.
Recently, the Ministry of the Environment proposed to measure 12 PCBs, including three coplanar PCBs examined in our studies. Although our data indicates no importance in the measurement of 3,3',4,4'-TCB and 3,3',4,4',5,5'-HxCB, it would be necessary to collect information about the other nine PCB congeners, 3, 4, 4', 2, 3, 3', 4, 2, 3, 4, 2, 3'4, 4', 2', 3, 4, 4', 2, 3, 3', 4, 4', 2, 3, 3'4, 2, 3', 4, 4', 5, 3, 3', 4, 4', 5, 5 '-HpCB to clarify contamination levels in humans, and their effects on health. 
